Protein-tyrosine phosphatases (PTPases) have a common cysteine residue whose reduced state is integral to their phosphocysteine-mediated reaction mechanism. The catalytic cysteine thiol can be oxidized or conjugated during cellular redox reactions, which provides an important means of PTPase regulation in vivo. Because exposure to air can artifactually oxidize this reactive thiol, PTPase assays have typically used potent reducing agents such as dithiothreitol to reactivate the enzymes present. However, this approach does not allow for the measurement of endogenous PTPase activity as directly isolated from the in vivo cellular environment. Here we show that sample processing and assay in an anaerobic chamber by using deoxygenated buffers can preserve the overall activity of PTPases in subcellular fractions of 3T3-L1 adipocytes, HepG2 hepatoma cells, and human adipose tissue, as well as with PTP1B, specifically isolated by immunoprecipitation. Cell lysis into air reduced the PTPase activity to as low as 20% of the level observed with sample handling in the anaerobic environment, which was variably restored towards the activity in the anaerobic samples by treatment with dithiothreitol. The approach reported here provides a new framework for characterizing the activity of PTPases as isolated from the intracellular milieu, which more closely reflects the endogenous reactivity and potential impact of these PTPases on signal transduction pathways involving reversible protein-tyrosine phosphorylation.
ver the past decade, the structure and regulation of the family of protein-tyrosine phosphatase (PTPase) enzymes that regulate various events in cellular signal transduction and metabolism has become better defined (1, 2) . The unifying feature among the members of this enzyme family is a conserved ~230 amino acid domain that contains the PTPase catalytic sequence motif (I/V)HCXAGXGR(S/T)G. This signature domain includes the cysteine residue that catalyzes the hydrolysis of protein phosphotyrosine residues by the O formation of a cysteinyl-phosphate intermediate (3) . Other protein segments of the PTPases have diverse structures that determine their various subcellular localizations and protein-protein interactions (4) . Understanding the modular design of PTPases led their classification into two broadly designated groups: nonreceptor-type, intracellular enzymes that have a single PTPase domain; and receptor-type, which have a general structure like a membrane receptor with an extracellular domain, a single transmembrane segment, and one or two tandemly conserved PTPase catalytic domains.
Physiological suppression of PTPase catalytic activity has long been recognized as a key feature of its regulation within the cellular environment (5) . PTPases are high-turnover-number enzymes whose activity in the intracellular milieu may need to be attenuated for tyrosine phosphorylation to proceed in a balanced manner. Recently, several laboratories have provided evidence for novel regulatory mechanisms involving reactive oxygen species, especially H 2 O 2 , which can oxidize and inactivate PTPase enzymes in a stepwise fashion (6, 7) . This oxidative inactivation is emerging as an important means by which PTPase catalytic activity can be suppressed in signal transduction pathways (8, 9) .
Our laboratory has been interested in studying PTPases, in particular characterizing their role in the regulation of the insulin action pathway (10) . Earlier work from our laboratory and others has evaluated PTPase enzyme abundance and activity in tissues and subcellular fractions by quantitating mRNA and protein levels. Typically, PTPase enzyme activity has been measured in samples isolated under an aerobic atmosphere, with assays performed in the presence of strong biochemical reductants such as dithiothreitol (DTT) or β-mercaptoethanol to restore the reduced, active state of the catalytic cysteine side chain. This approach, however, does not allow for the measurement of the activity of PTPase enzymes as directly isolated from the cellular environment, which provides an important indicator of their endogenous state of activity in vivo.
In the present study, we evaluated how air exposure affected cellular PTPase activities compared with sample processing and assay within an anaerobic environment, which was expected to preserve the endogenous state of PTPase activity. Cultured 3T3-L1 adipocytes, HepG2 hepatoma cells, and human adipose tissue were frozen in liquid nitrogen, homogenized, and separated into subcellular fractions under an oxygen-free atmosphere. PTPase assays were performed in deoxygenated buffers without air exposure. In addition, we studied a specific PTPase implicated in the regulation of insulin signal transduction, protein-tyrosine phosphatase 1B (PTP1B), by immunoprecipitation, by using a similar approach. We found that the isolated PTPase activities could be manipulated by oxidation or reduction in vitro, indicating that the redox state of the catalytic thiol was proportioned between an active, reduced state and varying degrees of reversible and irreversible oxidation, which inactivates the enzyme. This approach provides a new framework for characterizing the activity of PTPases as isolated from the intracellular milieu. Because this technique avoids oxidation and subsequent biochemical reactivation in vitro, our data more closely reflect the endogenous enzyme reactivity, which facilitates an evaluation of the potential impact of PTPases on signal transduction pathways involving reversible protein-tyrosine phosphorylation.
MATERIALS AND METHODS

Materials
Cell culture media and sera were obtained from Cellgro (Herndon, VA 
Human subjects
After obtaining informed consent, we took adipose tissue samples from normal volunteers by subcutaneous aspiration (11) by using a protocol approved by the Thomas Jefferson University Institutional Review Board.
Cell culture
3T3-L1 pre-adipocytes were maintained in Dulbecco's modified Eagle's medium/Ham's F12 medium (1:1) supplemented with 10% (v/v) fetal calf serum (FCS). Adipocyte differentiation was induced at 2 days postconfluence with medium supplemented with 1.0 µg/ml insulin, 0.25 µM dexamethasone, and 0.5 mM isobutylmethylxanthine (IBMX). After 2 days, dexamethasone and IBMX were removed from the medium and the cells were allowed to differentiate for an additional 6 days. Before use, the cells were serum-starved in medium containing 0.1% (w/v) bovine serum albumin (BSA) for 16 h. Human HepG2 cells were maintained in Eagle's Minimal Essential Medium supplemented with 10% (v/v) FCS and 1× each of nonessential amino acids and L-glutamine (Cellgro). Cells were used at 80% confluence after 16 h of serum-starvation in medium containing 0.5% (w/v) BSA.
Cell and tissue fractionation
Cytosol and solubilized particulate fractions were prepared from pulverized frozen human adipose tissue samples by homogenization in ice-cold homogenization buffer (150 mM NaCl, 5 mM EDTA, 5 mM EGTA, in 50 mM Hepes, pH 7.5, containing a protease inhibitor cocktail (Sigma), with three up-and-down strokes at setting #5 by using a Polytron (Brinkmann Instruments, Westbury, NY). We lysed cultured cells into the same medium by using brief sonication. From the adipose tissue, the crude homogenates were centrifuged at 3,000 x g and the lysate below the fat cake was removed. The supernatant resulting from centrifugation at 100,000 x g for 45 min at 4 o C was taken as the cytosol. The pellet from the ultracentrifugation step was solubilized in homogenization buffer containing 1% (v/v) Triton X-100 mixed on ice for 45 min and cleared by centrifugation at 15,000 x g for 20 min, and this supernatant was taken as the solubilized particulate fraction. Protein was measured by using the method of Bradford (12) .
Anaerobic chamber and experimental conditions
We used an enclosed anaerobic work station (Forma Scientific, Marietta, OH, model # 901024) to provide an oxygen-free environment for cell and tissue homogenization and anaerobic PTPase assay. This chamber uses palladium catalyst wafers and desiccant wafers to maintain strict anaerobiosis to less than 10 ppm O 2 by using high-purity N 2 for purging. The working anaerobic gas mixture was N 2 :H 2 :CO 2 proportioned at 85:10:5. For anaerobic conditions, the tissue samples and cultured cells were introduced into the chamber in a frozen state and disrupted as described above into deoxygenated homogenization buffers.
Measurement of total GSH
GSH was measured in lysates of 3T3-L1 adipocytes and HepG2 hepatoma cells following a deproteinization step as described (13) .
Immunoprecipitation of PTP1B
Following a preclearing step with nonimmune IgG and trisacryl protein G, PTP1B was isolated by immunoprecipitation from matched cell lysates by the addition of a monoclonal antibody directed at a C-terminal epitope that preserves its enzymatic activity (Ab-2) followed by trisacryl protein G. PTPase activity was measured in washed immunoprecipitates by hydrolysis of pNPP as described below. Control samples using nonimmune mouse IgG showed minimal background PTPase activity (<5% of the activity with Ab-2). To maintain controlled atmospheric conditions, we performed all steps, including and subsequent to cell lysis, under the nonreducing anaerobic gas mixture and compared them with results obtained by the usual experimental conditions under room air on the benchtop.
PTPase enzyme activity using pNPP as substrate
Aliquots containing the indicated amount of cell-fraction protein were incubated in a final volume of 100 µl at 37 o C for 30 min in reaction buffer containing 10 mM pNPP (Sigma) and 2 mM EDTA in 20 mM 2-(N-Morpholino)ethanesulfonic acid at pH 6.0, with and without 1 mM DTT, as indicated. The reaction was stopped by the addition of 50 µl of 1 M NaOH, and the absorption was determined at 410 nm (14) . The initial rate of pNPP hydrolysis was estimated from the linear portion of the earliest time points of the enzymatic reaction.
PTPase enzyme activity using [ 32 P]-RCM-lysozyme as substrate
Recombinant human insulin receptors from transfected CHO cells (15) were partially purified on wheat germ lectin-agarose (Vector Laboratories, Burlingame, CA) as described (16) . RCMlysozyme was radioactively labeled on tyrosine by phosphorylated with the insulin receptor preparation and γ-[ 32 P]-ATP (17) . The reaction was initiated with the addition of 0.5 mg of RCM-lysozyme and incubated at 25 o C for 16 h. The reaction was terminated with the addition of trichloroacetic acid (TCA) to a final concentration of 20% (w/v) and centrifuged at 30,000 x g for 15 min at 4 o C. The pellet was washed 3 times with 20% TCA and dialyzed against 50 mM imidazole-HCl, pH 7.2. PTPase activity was assayed by using the indicated amount of cell fraction protein in 50 mM HEPES (pH 7.0) and 2 mM EDTA, with and without 2 mM DTT, as indicated. The reaction was initiated by the addition of 20 µl of [ 32 P]-phosphotyrosyl RCMlysozyme (~20,000 dpm) and terminated by the addition of 0.9 ml of acidic charcoal mixture, consisting of 0.9 M NaCl, 90 mM sodium pyrophosphate, 2 mM NaH 2 PO 4 , and 4% (w/v) Norit A activated charcoal (18) . After centrifugation in a microfuge, the amount of radioactivity in 0.4 ml of supernatant was measured by Cerenkov counting in a liquid-scintillation counter. The initial rate of RCM-lysozyme hydrolysis was estimated from the linear portion of the earliest time points of the enzymatic reaction where less than 20% of the RCM-lysozyme was hydrolyzed during the 30-min reaction period.
Statistical analysis
Quantitative data were calculated from the mean ± SE for 3-6 experimental determinations. Statistical calculations were based on Student's t-test for determination of significance.
RESULTS
Oxidative inhibition of cellular PTPase activity by air exposure in adipose cells and adipose tissue
The effects of air exposure on PTPase activity was initially studied in homogenates of differentiated murine 3T3-L1 adipocytes. Cells were snap-frozen with liquid nitrogen, introduced into the anaerobic chamber in the frozen state, and disrupted into deoxygenated homogenization buffer. The lysate was also fractionated into cytosol and a solubilized particulate fraction. The anaerobic samples were handled in sealed tubes outside the chamber for centrifugation and were then assayed under the anaerobic atmosphere in the chamber. For comparison, parallel samples were lysed into air-equilibrated homogenization buffer on the benchtop, with no special precautions taken against air exposure.
Compared with handling in the anaerobic conditions in the chamber, cell lysis into air resulted in a 27% reduction in PTPase activity (P<0.001) with pNPP as substrate in the crude homogenates measured in the absence of added reducing agents (Fig. 1 ). This finding suggested that anaerobic handling preserved the endogenous oxidation state of the catalytic thiol residue. When PTPase activity was measured in the presence of 1 mM DTT, we detected no significant change in the activity as measured in the chamber. However, the diminished activity in the aerobically isolated cell lysate was restored by treatment with DTT to the level found when samples were maintained in the anaerobic chamber (Fig. 1) . These results were consistent with our hypothesis that the samples isolated aerobically had a reduced activity state because they were reversibly oxidized by exposure to air. When the redox state of the enzymes was restored by treatment with the reducing agent, the PTPase enzymes were reactivated to control levels. Also, the observation that DTT treatment of the samples isolated in the anaerobic chamber did not increase their catalytic activity suggested that the specific enzyme activity potentially available by full enzyme reduction was preserved by anaerobic handling and reflected the endogenous PTPase activity in the cells.
The 3T3-L1 cell cytosol also showed a 33% lower activity in the air-exposed samples compared with the anaerobic samples (P<0.001) (Fig. 1) . We found a complete restoration of enzyme activity to the level observed in the anaerobic samples during enzyme assay of the aerobically isolated samples in the presence of DTT. Results with the particulate fraction, however, differed from the other fractions. The activity of the samples isolated in air, although reduced significantly (P<0.001), was only 16% lower than the anaerobic samples, and we found no significant change following DTT incubation. This finding implied the possibility that the PTPase activity in the particulate fraction isolated in air was more irreversibly oxidized by air exposure compared with the samples isolated in air from the cytosol fraction. The effect of air exposure on PTPase activity was then also tested in human adipose tissue lysed from a frozen state, fractionated, and assayed within the anaerobic chamber compared with using an identical procedure on the benchtop under room air (Fig. 2) . The particulate fraction PTPase activity under aerobic conditions was reduced dramatically-to 46% of the activity observed under anaerobic conditions (P<0.001). Also, inclusion of DTT increased the activity of both the anaerobic and aerobic particulate fractions samples by 15% and 28%, respectively. In contrast to the findings with the 3T3-L1 adipocytes, the cytosol PTPase activity did not show a significant difference between aerobic and anaerobic conditions. The cytosol PTPase activity in each of these environments was increased 18%-20% by DTT exposure.
To gain further insight into the catalytic activities of cellular PTPases that might be differentially affected by air exposure, we performed studies in parallel with [ 32 P]-phosphotyrosyl RCMlysozyme as an alternative PTPase substrate (Fig. 3) . Using the 3T3-L1 adipocytes, we found that these results showed highly significant alterations in PTPase activity with air exposure and recovery of activity in the presence of DTT but with somewhat different proportions than those seen in the pNPP assay. In the cytosol fraction, air exposure strikingly decreased the PTPase activity to 20% of the activity isolated under anaerobic conditions. In the particulate fraction, a significant reduction of PTPase activity was also seen in air to 54% of the anaerobic level. The presence of DTT during the assay significantly increased the PTPase activity not only in the aerobically isolated cytosol and particulate fraction, by a striking 3.3-and 2.9-fold, respectively, but also in the anaerobic cytosol and particulate fraction by 71% and 2.2-fold, respectively. These results suggest that with tyrosine-phosphorylated lysozyme as PTPase substrate, the airoxidized samples can be reduced chemically to increase their activity significantly. The increased activity with the anaerobically isolated samples suggests that the PTPases in their endogenous environment are also closely regulated by redox changes and that they exist in a form that can also be reduced further to enhance their activity towards hydrolysis of phosphorylated lysozyme.
Oxidative inhibition of cellular PTPase activity by air exposure in HepG2 hepatoma cells
We examined the effect of air exposure on PTPase activity in human hepatoma HepG2 cells as an additional cell type (Fig. 4) . Isolation of the cellular fractions on the benchtop showed a reduction of 20% in the total PTPase activity in the cell lysates, 18% in the samples from the cytosol, and a smaller reduction of 9.8% in the samples from the solubilized particulate fraction, compared with the activity in samples isolated in the anaerobic chamber.
We next evaluated whether cellular GSH content might play a role in the differential sensitivity of PTPases to air inactivation observed in the two cultured cell types. A similar level of total GSH was measured in lysates of 3T3-L1 adipocytes and HepG2 cells (55.0 ± 0.7 and 54.0 ± 0.4 nmol GSH per mg lysate protein, respectively). These results suggest that the greater reduction of PTPase activity after air exposure in the lysates and cytosol of 3T3-L1 cells (27%-33%) compared with the reduction in similar fractions of HepG2 cells (18%-20%) was not likely to be due to a lower concentration of cellular GSH but rather a differential sensitivity to air inactivation of endogenous PTPase activity in the two cell types.
Oxidative inhibition of PTP1B catalytic activity by air exposure
Because the results of the overall PTPase assay for each of the cell fractions reflect the activities of the constituent enzymes present, we also tested how exposure to air might alter the catalytic state of a PTP1B, a specific cellular PTPase enzyme in the HepG2 cells (Fig. 5A, B) . The measurement of PTP1B-specific activity was facilitated by using a monoclonal antibody to PTP1B that can immunoadsorb the enzyme in a catalytically active state. As we did in the cell and tissue fractions, we measured the activity of PTP1B from homogenates of HepG2 cells that were lysed either into air on the benchtop or into deoxygenated buffers in the anaerobic chamber. To maintain the endogenous redox state of the enzyme, all stages of the immunoprecipitation process, including centrifugation, washing of the pellets, and the assay itself were performed under strict nonoxidizing conditions. The activity of PTP1B was reduced dramatically by air exposure to 36% of the level observed in the samples maintained under anaerobic conditions throughout the experiment. (P< 0.001). This reduction was apparently not due to glutathiolation of the reactive cysteine of PTP1B occurring after cell lysis, because inclusion of 25 µCi of [
35 S]-GSH in the cell homogenization buffer (0.5 ml/35-mm dish of confluent HepG2 cells) did not label the immunoprecipitated PTP1B to a level detectable by direct fluorography of the dried SDS gel (not shown).
We then tested whether the specific activity of the isolated PTP1B could be modulated by oxidation or reduction and whether the reduced activity of the enzyme isolated under aerobic conditions could be restored by biochemical reduction in vitro (Fig. 5B) . Using samples handled under aerobic conditions, we again showed that the basal activity of PTP1B was reduced to 45% of the activity observed in samples lysed and maintained under anaerobic conditions (P<0.001). Under either aerobic or anaerobic conditions, treatment of the immunoprecipitated PTP1B with 0.5 mM H 2 O 2 for 10 min reduced its PTPase activity to negligible levels (3%-4% of control), consistent with essentially complete oxidative inactivation of the catalytic thiol.
Finally, we obtained the important result that treatment of the samples isolated under aerobic conditions with 1 mM DTT for 10 min before PTPase assay increased the enzyme activity to 1.7-fold of the initial level in control samples (P=0.001) (Fig. 5B) . Treatment with DTT also caused a smaller (15%) but statistically significant increase in the PTPase activity in the anaerobic samples (P=0.04). These findings show that PTP1B isolated under aerobic conditions is reversibly inactivated by oxidation to a large degree. The fraction of activity irreversibly oxidized by air exposure may be estimated from the difference in activity measured under aerobic conditions after DTT treatment, compared with the activity measured after sample processing and assay in the anaerobic chamber. Thus, the activity of PTP1B isolated from the HepG2 cells and maintained in the anaerobic environment remained 46% higher than the aerobic samples even after reduction with DTT.
DISCUSSION
In the signal transduction pathway for insulin and a variety of other growth factors that activate tyrosine kinase receptors, the balance of tyrosine phosphorylation of the receptor and their postreceptor substrates determines the magnitude of the cellular response (19) . An increasing body of data has supported an important role for cellular PTPases in the steady-state tyrosine phosphorylation of key proteins in these signaling pathways by their effect to counterbalance the activating effect of the relevant tyrosine kinases (20) . Although the structures, and in some cases the substrate targets of specific PTPases, have been identified in recent years, much less is known about how the catalytic activity of these enzymes is regulated in the intact cellular environment (1, 2) .
Members of the PTPase enzyme family share a characteristic active site sequence motif with a corresponding reaction mechanism that depends on the reduced state of the thiol side chain of the catalytic cysteine residue; for example, cys 215 in human PTP1B (3, 4) . Because alterations in the oxidation state of the catalytic cysteine within the cellular environment have profound effects on the PTPase specific activity, attention has recently been focused on how the reduced state of the catalytic thiol may be maintained in vivo. Crystallographic studies have shown that this thiol moiety is in spatial proximity to amino acid side chains adjacent to the enzyme active site that strongly affect its ionization (21) . These interactions enhance the reactivity of the cysteine thiol group and effectively lower its pK a to more than 3 units below that found in a typical freecysteine thiol or protein cysteine side chains. Thus, at physiological pH, the catalytic cysteine is ionized as a thiolate anion, which is easily derivatized or oxidized in preference to other neighboring sulfhyhdryls (4, 22) . Cellular reactive oxygen species have also been implicated in the regulation of PTPase activity in vivo, by their ability to oxidize the catalytic thiol of PTPases in a stepwise fashion to progressively more inert forms (Fig. 6) . First, the catalytic cysteine thiol is reversibly oxidized to the sulfenic (-SOH) form, which is amenable to reduction by cellular enzymatic mechanisms or with reducing agents in vitro (6) . Further sequential steps of oxidation, to sulfinic (-SO 2 H) and sulfonic (-SO 3 H) forms, can lead to irreversible PTPase inactivation (23) . PTP1B has also been shown to undergo disulfide conjugation to an inactive glutathiolated form, which is also potentially reversible by specific cellular reductases (8, 24) . This general scheme may constitute a major regulatory mechanism for PTPases within the cellular environment (Fig. 6 ).
PTPases isolated from intact cells and tissues are also susceptible to biochemical oxidation and reduction reactions during isolation and assay. In the present study, we evaluated how exposure to atmospheric oxygen could affect the of PTPases isolated in the laboratory. Our results show clearly that air exposure can significantly alter the measured PTPase activity isolated from a variety of tissues and cell types. We found a substantial variation in the difference in activity between anaerobically isolated and air-oxidized samples from different sources and using different PTPase substrates. This finding is likely due to the wide array of PTPases present in a given cell type (2) , reflecting the overall sum of their individual susceptibilities to oxidation in air. Sample handling under anaerobic conditions not only prevents artifactual oxidation of the catalytic PTPase thiol but also allows an assessment of the changes in catalytic activity before and after reduction in vitro with DTT. This assessment will indicate the fraction of enzyme present in an oxidized, but re-activating, state, most likely present as the sulfenic derivative or possibly conjugated as a disulfide with glutathione. As we tested directly, glutathiolation apparently did not occur after cell lysis, suggesting that if the PTPases were present in an inactivate conjugated state, then this reaction had occurred in vivo. Besides several papers characterizing biochemical alterations in the reactivity of PTP1B, oxidative modification of other individual PTPases has not been studied in intact cells (9, (23) (24) (25) . The application of these techniques in further studies will be important to characterize changes in the reactivity of specific cellular PTPases under various physiological conditions. Cellular redox reactions relevant to the control of PTPase activities have also been implicated in growth-factor receptor signaling. For example, H 2 O 2 can mimic ligand-mediated signaling by EGF and PDGF (7) and potentiate insulin action (26) , especially as a peroxovanadate derivative (27) (28) (29) . The intracellular, single domain PTP1B has been implicated in the regulation of the insulin signaling pathway in cellular studies (30) (31) (32) (33) as well as in transgenic knock-out mice (34, 35) . PTP1B is particularly susceptible to inactivation in air, and in our studies it was inactivated to less than half of the levels observed under anaerobic experimental conditions. The reversibility of this oxidation was apparent by the 1.7-fold increase in activity in the air-oxidized samples following treatment with DTT (Fig. 5 ).
Using approaches similar to those reported here, we have also shown recently that insulin itself can rapidly induce changes in reactive oxygen species within the cellular environment that significantly affect the oxidation state and overall PTPase activity, and specifically that of PTP1B (Mahadev et al., manuscript submitted). These methods will provide a framework for further studies to decipher changes in the endogenous activation state of specific PTPases involved in the signal transduction pathways of insulin and other growth factors, in normal physiology as well as in disease states with aberrant hormone action. with DTT. Murine 3T3-L1 adipocytes were differentiated as described in Materials and Methods and individual 10-cm dishes were snap-frozen with liquid nitrogen. Replicate dishes were then introduced into the anaerobic chamber in the frozen state and disrupted into deoxygenated buffers or homogenized into the same buffer on the bench top in air. Samples containing 30 µg protein were then subjected to the pNPP assay in the presence or absence of 1 mM DTT as described in Materials and Methods. The incubation conditions for the assay are indicated in the legend. * P<0.001 vs. the anaerobically isolated control samples. adipocytes and reversibility with DTT. Differentiated 3T3-L1 adipocytes were snap-frozen with liquid nitrogen on individual culture dishes and fractionated into a cytosol and a solubilized particulate fraction either within the anaerobic chamber or on the bench top in air. PTPase assays, in the presence or absence of 1 mM DTT, were performed with samples containing 30 µg protein by using [ 32 P]-phosphotyrosyl RCM lysozyme as substrate as described in Materials and Methods. * P = 0.02 and ** P = 0.003 vs. anaerobically isolated control samples. Following a preclearing step, PTP1B was immunoprecipitated from lysates of snap-frozen HepG2 cells either within the anaerobic chamber environment or on the bench top in air, as described in Materials and Methods. The immunoprecipitated samples were washed, and PTPase activity was assayed by using pNPP as substrate. A) Comparison of PTP1B activity under aerobic vs. anaerobic conditions. B) In addition to a similar comparison as shown in (A), the immunoprecipitated PTP1B enzyme was also pretreated with 0.5 mM H 2 O 2 or 1 mM DTT for 2 min before PTPase assay as indicated. * P<0.001 vs. anaerobically isolated control samples. the text, oxidation of the catalytic thiol of PTPases is believed to occur in a stepwise fashion to progressively more inert forms (6, 23) . The catalytic cysteine thiol is first oxidized to the sulfenic (-SOH) form, which is amenable to reduction by cellular enzymatic mechanisms or with reducing agents in vitro, followed by further sequential steps of oxidation, to sulfinic (-SO 2 H) and sulfonic (-SO 3 H) forms, leading to irreversible PTPase inactivation. The sulfhydryl designation refers to the reactive cysteine side chain in the catalytic site of a given PTPase homolog (e.g., cys 215 in human PTP1B). DTT, dithiothreitol; ROS, reactive oxygen species.
